Summary &horbar; Intestinal ionic exchanges were studied in rat duodenal, jejunal and ileal ligated loops in response to different luminal saline loads: NaCl concentration varied from 150-0 mM, solutions being made isoosmotic with mannitol. The contact delay was 60 min. An exponential relationship was found between water, Na and CI movements and the initial saline concentration. Maximal absorption was obtained with 150 mM NaCi, and was significantly higher in the duodenum than in the jejunum and ileum. The NaCl concentration for which water, Na, and CI movements were null was = 70 mM NaCI in the duodenum and jejunum, 41 mM for Na and 18 mM for CI in the ileum. The water efflux induced by the 0-mM NaCl test solution was maximal in the duodenum (1.5 ± 0.2 ml/h) and decreased in the jejunum (0.8 ± 0.1 ml/h) and ileum (0.3 ± 0.1 ml/h) as did sodium, chloride and nonchloride anion efflux. These data support the functional heterogeneity of the small intestine regulating the water and ion exchange in response to luminal saline load, the main difference being connected with the efflux capacity of the mucosa, decreasing from the duodenum to the jejunum and ileum.
INTRODUCTION
The ionic exchange across the intestinal barrier depends on the luminal electrolyte concentration (Field, 1981;  Armstrong, 1987; Powell, 1987) . Since pilot studies in which several isoosmotic non-ionic solutions were tested (Hindle and Code, 1962; Fordtran et al, 1965) , saline solutions made isoionic with the extracellular liquid, like Ringer or Tyrode solution, have been used to explore the absorption or secretion induced by hormones or neutransmitters. For several years we have been using the in vivo ligated loop to determine water and ion fluxes in response to gastrointestinal hormones. The controls were placed in an equilibrium with a null water flux by using low NaCI concentration test solutions made iso-osmolar by mannitol. Under these conditions, it was possible to compare the secretion induced by vasoactive intestinal peptide (VIP) at 3 levels of the small intestine, ie the duodenum, jejunum and ileum (Chick-Issa et al, 1992 ). An increase of duodenal absorption by [ D Ala, Met] enkephalinamide (DAMA), angiotensin II and sorbin peptides was demonstrated . Sorbin (Weast, 1986 (Weast, -1987 Na movement Figure 2 shows the individual values, the means and the non-linear relationship between Na flux and the initial Na CI concentration of the test solution. The maximal absorption was obtained for 150 mM NaCl, calculated from the curve in the duodenum because of the lack of volume remaining; the values were -99 pEq/h in the duodenum, -93 ± 5 !Eq/h in the jejunum and -71 ± 9 pEq/h in the ileum.
A decrease in absorption was induced by the decrease in luminal NaCl concentration. The addition of increasing doses of mannitol did not change its final recovery the proportion entering the intercellular space was independent of net water movement and comparable to the 30-40% lost during the whole intestinal transit in man, assuming a 3-h transit time (Menzies et al, 1990) . In the jejunum the absorption was lower with an apparent coupled CIN A and water absorption occurring without any significant decrease in luminal pH, so the luminal NaCl concentration did not alter. In the ileum, CI absorption was larger than Na absorption, and associated with a significant increase of pH (8.6) as described in vivo (Turnberg et al, 1970b) and through the double exchanger CI-/HC03. The ileal anionic exchanger, whose function was described on the brush border membrane vesicle system (Knickelbein et al, 1988) , is part of the family of band 3 proteins (Alper, 1991 its presence was confirmed by the identification of the gene in rabbit ileum (Chow et al, 1992) . At the 3 levels the fluid filling the lumen became slightly hypotonic, the calculated osmolarity being 254 mOsm/kg, 278 mOsm/kg and 278 mOsm/ kg in the duodenum, jejunum and ileum respectively.
Zero transport
The zero transport corresponds to the limiting concentration for which absorption changes to secretion; it was found to be 75 mM NaCl in human ileum, and characterized by the inversion of the potential difference which changed from lumen positive to lumen negative (Davis et al, 1982) . In the present experiment, the limiting concentration was higher for the duodenum (78 mM) and jejunum (70 mM) than for the ileum, where the zero Na transport and the zero CI transport were found for a luminal concentration of 41 mM Na and 18 mM Cl respectively, values very close to the 27 mM for Na and 20 mM for CI observed in man (Turnberg et al, 1970b) .
The zero transport expressed that the lumen to blood flux was equivalent to the blood to lumen flux. As the luminal concentration was lower than the concentration in the extracellular fluid, the absorption had to be principally transcellular. Influx depends on the surface area which decreases aborally on the resistance of the apical membrane and on the number of Na+ K+ pump sites which are sufficient throughout the small intestine (Powell, 1987) . The blood to lumen flux depends on the diameter of the pores and on the leakiness of the tight junctions which decrease aborally (Fordtran et al, 1965; Madara, 1991 The decreased lumen to blood permeability explains the increasing capacity of the distal segment to create a chemical gradient.
The ration established between the extracellular fluid concentration and the final luminal concentration was = 2 for Na and Cl both in the duodenum and in the jejunum, whereas it was 3.5 for Na and 7.9 for CI in the ileum, the highest chloride ratio in ileum being due to the Cl/bicarbonate exchange and the relative impermeability of the junctions to anions as described in human ileum (Davis et al, 1982) .
Zero NaCI concentration
Exchange for zero NaCl concentration provided information about the maximal blood to lumen transport and showed the aboral decrease of the efflux capacity which was 1.54 ml/h, 0.84 ml/h and 0.27 ml/h in the duodenum, jejunum and ileum respectively. The efflux of sodium was associated with a CI and non-chloride secretion, the second was chiefly bicarbonate secretion as evidenced by the good relationship with bicarbonate measurement.
Bicarbonate secretion accounted for one-third of the anionic efflux in the duodenum and for two-thirds of the anionic efflux in the ileum. Several results argue for an active secretion of bicarbonate from Brunner's glands and duodenal enterocytes: 1) the final content in the lumen was made hyperosmolar; 2) the ionic concentration in the efflux was 170 mM Na, 124 mM CI and 52 mM bicarbonate, ie a concentration higher than the ionic concentration in the extracellular space; 3) the final ionic concentration in the lumen was higher than the minimal concentration which corresponded to the zero flux. This secretion might be secondary to the hormonal and vagal responses to the duodenal distension, or to the synthesis of endogenous prostaglandins (Heylings and Feldman, 1988) . In contrast, there was no indication of the activation of a chloride secretory channel in the jejunum: the concentration in the efflux was 157 mM Na and 134 mM Cl; the passive efflux permitted the concentration corresponding to the zero flux to be established in the lumen. In the same wey the small ionic efflux in the ileum led to a low luminal ionic concentration approximately identical to the one which corresponded to the zero flux. The secretion of ions and particularly the progressive fall in water movement from the proximal to distal segment of the intestine paralleled the secretion described during luminal perfusion of mannitol alone in man (Fordtran et al, 1965) . The final osmolarity was 492 mOsm/kg, 430 mOsm/kg and 339 mOsm/ kg in the 3 segments respectively. In spite of the osmotic activity of mannitol, the lack of ions was particularly and differentialy adjusted by an ionic efflux.
Actually, the exponential analysis showed that the slope of the relationship between Na, CI or water and the luminal ionic concentration was lower in the jejunum than in the duodenum and the lowest in ileum. The differences between the 3 segments appears to be due both to the passive mouvement decreasing with the aboral decrease of the permeability and to a complementary mechanism inducing an active secretion in the duodenum when NaCl concentration is nil or low. The response of duodenum and ileum to isoosmotic mannitol solutions was described many years ago (Hindle and Code, 1962 
